We report two cases of renal tubular dysgenesis (RTD) with calvarial hypoplasia and review the originally reported cases of RTD that came from our institution and published reports regarding the association of RTD and skull abnormalities. Although previously reported in association with RTD, calvarial hypoplasia is probably under-recognised. The cases reported here support the idea that the skull abnormalities observed in the inherited form ofrenal tubular dysgenesis are a common component of the disorder, as they are in the acquired form of RTD associated with maternal use of ACE inhibitors. Renewed attention to this clinical manifestation of RTD may be important in suggesting the diagnosis before death, providing more complete information to parents and physicians facing inportant management decisions and ensuring appropriate pathological examination postmortem.
Renal tubular dysgenesis (RTD), first described in a pair of sibs in 1983, is an autosomal recessive condition characterised by hypoplasia of the proximal tubules of the kidney, which may present with late onset oligohydramnios. l 2 Similar renal pathology is seen in some non-genetic conditions, characterised by renal hypoperfusion3-' and in infants born to women who took angiotensin converting enzyme inhibitors during pregnancy. 6 In a review of reported cases of RTD,7 underdeveloped cranial bones or 13-14 weeks' gestational age (GA) was normal. At 32 weeks' GA, the woman presented with vaginal bleeding and mild abdominal pain. Ultrasound examination showed severe oligohydramnios with large, echogenic fetal kidneys. Spontaneous breech delivery occurred shortly thereafter. The infant had severe respiratory failure and profound hypotonia. The fontanelles were noted to be abnormally large. The diagnosis of Zellweger syndrome was considered.
The child died five hours after birth and necropsy was performed. Examination showed an infant with growth parameters at the 75th to 90th centile for 32 weeks' gestation and head circumference at the 25th to 50th centile. Although measurements were not recorded, the fontanelles were noted to be abnormally large with the anterior fontanelle extending into the middle of the forehead and the posterior fontanelle extending to just above the occipital bone; the sagittal suture was extremely wide. Grossly, the kidneys were large with a combined weight of 28.6 g versus an expected combined weight of 14.5 + 4.8 g and were somewhat spongy in appearance. Histologically, the kidneys showed diffuse glomerulocystic change and renal tubular dysgenesis characterised by absence of the proximal tubules as seen on routine microscopy and staining with PAS (present in the brush borders of proximal tubules) and epithelial membrane antigen (present within distal tubules Necropsy showed a male infant with length at the 75th to 90th centile, weight at the 90th centile, and head circumference at the 25th to 50th centile for a gestational age of 32 weeks. The fontanelles were very large, with the anterior confluent with the posterior, measuring 15 cm x 6 cm. There were prominent infraorbital creases, the thumbs were proximally implanted, and there were contractures, without pterygia, at the knees and elbows. The kidneys were large with a combined weight of 33.8 g versus an expected combined weight of 14.5 ± 4.8 g. The renal parenchyma was grossly normal. Histologically, there was renal tubular dysgenesis with absence of the proximal tubules. There was pulmonary immaturity with lung development appropriate for a gestational age of 28 weeks in contrast to the actual gestational age of 32 weeks. Analysis of very long chain fatty acids was normal as was the sedimentable catalase assay, excluding Zellweger disease. Cytogenetic analysis showed a normal male karyotype. Neuropathological examination showed extensive hypoxicischaemic damage which was thought to account for the hypotonia.
With the finding of markedly enlarged fontanelles in two infants found at necropsy to have renal tubular dysgenesis, we reviewed the necropsy reports of cases of RTD examined in our institution, including the two cases that were the subject of the initial report by Allanson et al.' In case 1 from that report (34 week GA stillborn), the necropsy report states that "the sutures are very wide, the superior sagittal suture measuring 3 cm in width, with the large anterior and posterior fontanelle merging into each other". In the second case (36 week GA, stillborn), the report states "the skull bones are widely open, up to 2 cm, the anterior fontanelle measures 5 cm in all dimensions". In a third case examined at our institution, the necropsy report noted that the anterior and posterior fontanelles were large, each measuring 3 cm in coronal and sagittal dimensions.
Discussion
The possibility of renal tubular dysgenesis may be raised when there is late onset of oligohydramnios,2 but the diagnosis is made only after histopathological examination. Large fontanelles or hypoplastic calvaria have been reported in a number of cases with renal tubular dysgenesis. In a review of reported cases of RTD, Allanson et af noted that six of 24 reported cases had associated microcephaly, underdeveloped cranial bones, or widely patent fontanelles. By history, one of the patients reported by Swinford et al had "extraordinarily wide cranial sutures and fontanelles" and the two cases initially reported by Allanson et all also had extremely large fontanelles, raising the proportion to nine of 24. Since then, additional cases have been reported of calvarial hypoplasia in association with RTD8-'0; other reports note a normal skull" while others fail to mention the skull at all.'2 Our review of the original two cases indicates that abnormally large fontanelles or undermineralisation of the skull bones in RTD, as in ACE inhibitor fetopathy, are more common than reported and are often unrecognised or overlooked.6 These skull abnormalities appear to occur commonly enough in RTD that their presence could serve to raise the diagnosis clinically, followed by pathological confirmation. There are a number of conditions associated with enlarged fontanelles; for many, exclusion from the differential diagnosis is readily accomplished on the basis of the other clinical features. In both of our cases, a diagnosis of Zellweger syndrome was considered; the differential diagnosis for infants presenting in this fashion should also include RTD. Hypotonia in infants with RTD may occur on the basis of hypoxia owing to respiratory failure (pulmonary hypoplasia) and thus may not be seen in all cases of RTD as normal lung development has been reported.8
The basis for the skull abnormality in RTD is unknown. Similar renal and skull changes are seen in antenatal exposure to angiotensin converting enzyme inhibitors (ACEI fetopathy). It has been postulated that the renal and calvarial abnormalities reflect the effects of fetal hypotension induced by maternal ACEI ingestion with the resultant hypoxia affecting those organs requiring a high oxygen tension for normal growth.5 6 An alternative explanation is based on the finding that angiotensin II is a renal growth factor'3 with the renal tubular abnormalities in ACE inhibitor fetopathy being attributed to lack of angiotensin II growth stimulation. The finding of calvarial hypoplasia in these cases has been interpreted as suggesting that calvarial bone growth may also be stimulated by angiotensin II.'" In RTD, high levels of renal renin have been found and it has been suggested that an impaired feedback mechanism accounts for this.'4 The possibility of this impaired feedback mechanism involving angiotensin receptors has been raised (though not formally examined) as the link between the high renin levels in the kidneys and the tubular dysgenesis; if there are abnormalities in angiotensin receptors in RTD kidneys there may be similar receptor abnormalities in the calvarium, providing the link between the renal and calvarial developmental abnormalities.
In conclusion, abnormalities of the skull occur fairly frequently in RTD and are often not recognised clinically, as is the case in ACE inhibitor fetopathy. The finding of enlarged fontanelles in an infant with oliguria, with or without respiratory failure or hypotonia, should serve to raise the possibility of RTD.
